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ABSTRACT

Discharges and receiving waters at and adjacent to the ASARCO facility
on Commencement Bay were analyzed for trace metals to determine if
ongoing discharges from the facllity are elevating metals concentra-
tions in nearshore waters. Concentrations of most metals in ASARCO
outfalls were generally lower than when the plant was operating and in
the range of values reported by ASARCO since the plant closed. 1In
addition, the total metals load (arsenic, cadmium, copper, lead, and
zinc combined) discharged from the plant site has decreased by more
than two orders of magnitude since operations ceased. Slight impact
was observed in the recelving waters, however, no clear violations of
EPA criteria for the protection of saltwater aquatic life were observed.
Based on the available data, mean concentrations of arsenic, cadmium,
lead, and nickel were generally in the range of values typical for
Puget Sound.

INTRODUCTION

The ASARCO copper smelter and refinery has long been a source of
metals to Commencement Bay, having started operations in 1890. Prior
to closing, average estimated loads of arsenic (480 lbs/day), cadmium
(11 1bs/day), copper (150 1lbs/day), lead (l4 1lbs/day), and zinc (120
lbs/day) resulted in a combined estimated load of 780 lbs/day to
Commencement Bay via three NPDES outfalls. Sediments below these
outfalls were found to contain sufficient levels of arsenic, antimony,
cadmium, copper, lead, mercury, nickel, and zinc to be considered
toxic to marine life (Tetra Tech, 1985).

The last operations at ASARCO closed 1in early 1986. Discharges are
now limited primarily to storm water runoff and, perhaps, ground water
percolation through the site. The slag pile at the northwest end of
the facility, may also leach metals to the bay. It is not known what
impact these discharges may have on the marine environment. The
objective of this investigation was to determine if ongoing discharges
from ASARCO are elevating metals concentrations in nearshore waters.

METHODS
Sampling Plan

A reconnaissance survey was conducted September 9, 1986, to select
sampling sites (Figure 1). Five potential surface discharges

the North, Middle, and South Outfalls (formerly NPDES permitted dis-
charges) and two storm drains which border the facility (the North
Boundary Storm Drain which serves Ruston, and the Edwards Street Storm
Drain which collects runoff from a residential area above the ASARCO
facility) were also identified. Receiving water stations (surface and
bottom waters) were located near each above discharge, adjacent to the
slag pile, and at one site offshore.
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Figure 1: Locations of samples collected by Ecology at the ASARCO facility.
(Descriptions of these locations are also provided in Appendix I)
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Dry- and wet-weather surveys were conducted to assess seasonal varia-
tions in metals concentrations. The dry-weather survey took place
October 21, 1986. The only discharge flowing was the Middle ASARCO
Outfall. The wet-weather survey occurred November 19, 1986. At that
time all discharges except the North ASARCO Outfall and the North
Boundary Storm Drain were flowing. Rainfall for the week preceding
each survey is listed in Table 1.

Table 1. Precipitation recorded at the 26th and Pearl
rain gauge for the week preceding each ASARCO
survey (data obtained from Ray Redding,
Tacoma Public Works Department, Sewer
Utility Division).

Precipitation Precipitation

Date (Inches) Date (Inches)
10/14/86 0 11/12/86 0
10/15/86 0 11/13/86 0.2
10/16/86 0 11/14/86 0.05
10/17/86 0 11/15/86 0
10/18/86 0 11/16/86 0.1
10/19/86 0 11/17/86 0
10/20/86 0 11/18/86 0.65
10/21/86% 0 11/19/86* 0.2

* = Date of sample collection

Receiving water sampling was performed during a period of minimum
tidal exchange (i.e., neap tides) within two hours following high
slack water. This is when maximum receiving water impacts were ex-
pected.

Sample Collection

Discharge samples were collected as grabs in one-gallon priority
pollutant-cleaned glass jars with Teflon-lined screw closures (I-Chem,
Hayward, California). All samples were collected from mixing boxes at
the point of discharge.

Receiving water surface samples were taken as grabs from a depth of

0.5 feet. Bottom samples were collected in an acid-cleaned, ten-
liter, Teflon-lined General Oceanics Go-Flo bottle, deployed on Philly-
stran Kevlar/polyester rope. Bottom samples were taken approximately
ten feet above the bottom.

Aliquots for metals analyses were transferred to acid-cleaned, one-
quart, Nalgene bottles provided by Battelle Marine Research Labor-
atory, Sequim, Washington. Separate aliquots were taken for total and
dissolved metals analyses. Samples for total metals analysis were
preserved at the time of collection by adding 1 mL hydrochloric acid
(Baker Instra-Analyzed for Trace Metals Analysis). Aliquots for



mercury analysis were placed in borosilicate glass bottles and pre-
served with 2 mL nitric acid. One-quart Nalgene bottles were used for
pH, specific conductance, total suspended solids (TSS), and salinity
samples.

Aliquots for dissolved metals determinations were filtered through 0.4
micron Nucleopore polycarbonate filters which had been pre-cleaned by
soaking for one week in 50 percent nitric acid and then rinsed in
distilled-delonized water. Filtering occurred within ten hours of
sample collection. After filtration, these samples were also pre-
served with 1 mL hydrochloric acid.

All samples were kept on ice in the field and transported to the
Ecology/EPA Environmental Laboratory at Manchgster, Washington, the
day after collection. Samples were held at 4 C until analyzed.

Flow was measured with a bucket and stop-watch at the South ASARCO
Qutfall. TFlow for the Middle ASARCO Outfall was calculated from head
measurements at the 900 V-notch weir. No direct flow data were avail-~
able for the Edwards Street Storm Drain.

Laboratory Analyses

Metals analyses other than mercury were done by the Battelle Sequim
Laboratory. Arsenic and antimony were analyzed by hydride generation
with a quartz burner atomic absorption spectrophotometry (AAS) detector
(Bertine and lee, 1983; Crecelius, 1978). Cadmium, copper, lead, and
nickel were pre-concentrated from seawater by APDC co-precipitation
before analysis using AAS with a Zeeman graphite furnace (Bloom and
Crecelius, 1984). Zinc was analyzed by direct injection along with a
matrix modifier. Mercury analysis was done at the Manchester Labora-
tory using cold vapor method 245.2 (EPA, 1979).

pH, specific conductance, TSS, and salinity were analyzed at the
Manchester laboratory. pH was measured with a Corning 155 pH meter.
Specific conductance was measured using a Beckman RC20 conductivity
meter. Analysis for TSS followed method 160.2 (EPA, 1979). Salinity
was determined using an American Optical refractometer, with results
checked by the argentometric method specified in Standard Methods for
the Examination of Water and Wastewater (APHA, 1985).

Quality Assurance

This investigation followed the procedures and guidelines specified in
Tetra Tech (1986) Quality Assurance Project Plan for Field Investiga-
tions to Support Commencement Bay Nearshore/Tideflats Feasibility

Study.

QA review of the metals data was done by Deborah Coffey, of Tetra
Tech, Inc., Bellevue, Washington. The data were concluded to be of
known and documented quality in terms of accuracy, precision, spike
recoveries, and detection limits for all metals except antimony.
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Accuracy and precision of the antimony data were considered suspect;
these data are therefore qualified throughout this report (Tetra Tech,
1987).

National Research Council of Canada (NRCC) standard seawater reference
materials were analyzed by Battelle to assess the accuracy and preci-
sion of the metals measurements. Battelle results, shown in Table 2,
were in excellent agreement with NRCC certified values. Poor agree-
ment was seen for antimony, however, the NRCC antimony value is not
certified.

Table 2. Results of Battelle analyses of National Research Council of
Canada standard seawater reference materials.

Reference Certified Battelle
Material Metal Value (ug/L) Value (ug/L)
NASS~-1 Arsenic 1.65 + 0.19 1.55 + 0.09 sd (n=7)
NASS-1 Antimony 0.21% 1.55 + 0.09 sd (n=7)
CASS-1 Cadmium 0.026 + 0.005 0.026 + 0.001 sd (n=5)
SLRS~1 " 0.015 + 0.002 0.015 + 27 rpd (n=2)
CASS~-1 Copper 0.291 + 0.027 0.31 + 0.019 sd (n=5)
SLRS-1 L 3.58 ¥ 0.30 3.58 ¥ 12 rpd (n=2)
CASS-1 Lead 0.251 + 0.027 0.23 (n=1)
CASS-1 Nickel 0.290 + 0.031 0.30 (n=1)
SLRS~1 " 1.07 + 0.06 1.11 + 0.06 sd (n=6)
CASS-1 Zine 0.980 + 0.099 1.01 + 0.10 sd (n=7)

mean + sd = standard deviation or; rpd = relative percent difference
of duplicates
NASS = Seawater reference material for trace metals

CASS = Nearshore seawater reference material for trace metals
SLRS = Riverine water reference material for trace metals
* = Not certified

Battelle has previously analyzed blanks for containers used in this
study. Consistently low metals concentrations were measured, indi-
cating the containers were not a source of contamination (Crecelius,
1987). The effects of filtration on metals concentrations were
evaluated by filtering Manchester blank water. Concentrations of all
metals except nickel and zinc were at or near detection limits in both
unfiltered (total metals) and filtered (dissolved metals) blank water
(Appendix II). Similar levels of contamination were present in both
types of blanks for nickel, which suggests that the Manchester water
was Initially contaminated with this metal. This was als: case



for zinc during the November 19 collection; however, during the October
21 survey a much higher concentration of zinc was seen in the filtra-
tion blank. Based on blank results no alterations to the data were
deemed necessary except for dissolved zinc. Dissolved zinc values
appear to be elevated at lower concentrations by field filtration and
therefore are not reported for receiving water samples. All metals
data reported here have been corrected for method blanks.

RESULTS
Total Metals in Discharges

The results of analysis of samples collected from ASARCO outfalls and
an adjacent storm drain are in Table 3.

During dry weather, only the Middle Outfall was flowing. This dis-
charge had a relatively small flow (0.10 MGD), low suspended solids
content, and high concentrations of all metals except mercury, which
was not detected.

Under wet-weather conditions, the Middle and South Outfalls and the
Edwards Street Storm Drain were flowing. Again, relatively small
flows (Middle Cutfall, 0.10 MGD; South Outfall, 0.013 MGD) and gener-
ally high metals concentrations were seen in ASARCO's discharges.
Mercury was also detected at 0.06 ug/L in both outfalls. Substantial
metals concentrations were also present in the Edwards Street Storm
Drain. However, with the exception of lead, concentrations were
generally lower than in the two ASARCO outfalls, especially for arse-
nic, cadmium, and zinc. The Edwards Street Drain had the highest lead
concentration (270 ug/L) measured in any discharge. The highest
concentrations of arsenic (690 ug/L); cadmium (56 ug/L); copper (1,100
ug/L); nickel (34 ug/L); and zinc (1,900 ug/L) were found in the
Middle Outfall during dry weather. No substantial differences were
seen in metals concentrations in the Middle Outfall between dry- and
wet weather with the exception of zinc, which was approximately 50
percent lower during wet weather,

Total metals loads from the two ASARCC outfalls are shown in Table 4.
Combined metals loads for each outfall were as follows; Middle Outfall
(dry), 3.3 lbs/day; Middle Outfall (wet), 2.0 lbs/day; and South
Outfall, 0.13 lbs/day. As previously mentioned, no direct flow data
were available for the Edwards Street Storm Drain; however, an esti-
mated maximum flow of 22 MGD based on pipe dimensions and slope was
provided by Tim Sparling of the Tacoma Public Works Department, Sewer
Utility Division. Based on this information, the potential exists
that this drain could be a major metals source.

Total Metals in Receiving Waters

Table 5 summarizes the results of analyses of receiving water samples
(complete data set is in Appendix IT and III).
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Table 4. Metals loads (total metal) to Commencement Bay from
outfalls at the ASARCO facility (values reported
in lbs/day).

Dry Weather Wet Weather
Location Middle Outfall Middle Outfall South Outfall
Sample Number 43-8210 47-8275/82 47-8270
Sample Date 10/21/86 11/19/86 11/19/86
Flow (MGD) 0.10 .10 0.013
Arsenic 0.58 0.40 0.034
Antimony#* 0.050% 0.042% 0.023%
Cadmium 0.047 0.028 0.00072
Copper 0.92 0.78 0.039
Lead 0.038 6.023 0.0037
Mercury ——n 0.00005 0.0000065
Nickel 0.028 0.018 0.00086
Zine 1.6 6.72 0.024
Total Load 3.3 2.0 0.13

Not detected
Accuracy and precision of data suspect

*
on
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In general, the receiving waters had low concentrations of all metals
except zinc. Based on mean values, slightly higher concentrations of
copper, lead, and zinc were seen in nearshore versus offshore waters.
No substantial differences were noted in metals concentrations between
dry- and wet weather or surface and bottom samples, except for zinc
and mercury which were somewhat elevated in nearshore surface waters
during wet weather. The highest zinc (51 ug/L) and mercury (0.12
ug/L) concentrations detected were near the Middle Outfall.

Dissolved Metals

The percentage of total metals concentrations in dissolved (i.e. less
than 0.4 um) form are shown in Table 6. In ASARCO discharges most
metals were in the dissolved form. Exceptions to this pattern were
copper (17 percent dissolved) during dry weather and lead (2 to 9
percent dissolved) during dry- and wet-weather conditions in the
Middle Outfall, and lead (5 percent dissolved) in the South Outfall.
In the receiving waters all metals were primarily in the dissolved
form.

In some instances dissolved metals concentrations exceeded total
metals concentrations. However, substantial differences occurred only
in the case of lead.

DISCUSSION

Table 7 compares metals concentrations measured in outfalls from the
ASARCO facility before and after plant shutdown. Concentrations of
arsenic, copper, lead, and nickel in the Middle Outfall and arsenic,
cadmium, lead and nickel in the South Outfall are generally lower than
when the facility was operating. Antimony in the South Outfall is
still in the range of operational concentrations. However, as previ-
ously mentioned, the accuracy and precision of Ecology's antimony data
are suspect.

Concentrations of arsenic, cadmium, copper, lead, and zinc measured in
the present study (Middle and South Outfalls only) are within the
range of values reported by ASARCO since the plant closed (Ecology,
1987). More importantly, comparing the average estimated total load
of 780 1bs/day when the plant was operating, the current combined load
of approximately 2 to 3 lbs/day represents more than a two-orders-of-
magnitude decrease in loading.

To place receiving water results from this investigation into perspec-
tive, representative metals concentrations reported for Puget Sound
waters by a number of investigators are summarized in Table 8. 1In
general, based on mean values, the available data indicate that arse-
nic, cadmium, lead, and nickel concentrations measured by Ecology near
the ASARCO facility fall into the range of values seen in other parts
of Puget Sound. Current zinc concentrations are similar to those
reported near ASARCO while the plant was operating. Mercury concen-
trations approximately cone order of magnitude higher than typical for

10
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Puget Sound were also measured by the Manchester Laboratory, however,
most were at the analytical detection limit of 0.06 ug/L. Uncertainty
associated with measurements at quantitation limits can be + 50 per-
cent (Twiss, 1987). It 1s therefore difficult to determine if these
concentrations represent actuval environmental conditioms.

EPA water quality criteria for the protection of saltwater aquatic
life are listed in Table 9. No violations of these criteria were
observed in ASARCO receiving waters except for mercury during wet
weather, which exceeded the chronic criteria of 0.025 ug/L. However,
as noted above there is some uncertainty about the accuracy of these
measurements.

Table 9. Water quality criteria for the protection
of saltwater aquatic life (EPA, 1986; 1987).

Acute Chronic
Metal (ug/L) (ug/L)
Arsenic 2319 -
Antimony e —
Cadmium 43 9.3
Copper 2.9 —-—
Lead 140 5.6
Mercury 2.1 0.025
Nickel 75 8.3
Zinc 95 86

-~ = Saltwater criteria not established.

SUMMARY
The major findings of this investigation are as follows;

o The highest concentrations of arsenic (690 ug/L), cadmium (56
ug/L), copper (1100 ug/L), nickel (34 ug/L), and zinc (1900 ug/L)
measured in ASARCO discharges were in the Middle Outfall under
dry-weather conditions.

o Concentrations of arsenic, copper, lead, and nickel in the Middle
Outfall and arsenic, cadmium, lead, and nickel in the South
Outfall are generally lower than when the plant was operating.

In addition, arsenic, cadmium, copper, lead, and zinc in both
outfalls are within the range of values reported by ASARCO since
the plant closed.

0 Similar metals concentrations were noted in the Middle Outfall
between dry- and wet weather with the exception of zinc which was
approximately 50 percent lower in wet weather.

o The current discharge of approximately 2 to 3 lbs/day from the
ASARCO facility for arsenic, cadmium, copper, lead, and zinc
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combined represents more than a two-orders-of-magnitude loading
decrease since plant operations have ceased.

) Slight impact was observed in nearshore receiving waters; how-
ever, no clear violations of EPA water quality criteria for the
protection of saltwater aquatic life were noted with the excep-
tion of mercury, which exceeded the chronic criteria of 0.025
ug/L during wet weather. Due to uncertainty assoclated with the
mercury analyses, additional sampling would be required to con-
firm this conclusion.

o Based on means, receiving water concentrations of arsenic, cad-
mium, lead, and nickel fall approximately into the range of
values typically reported in other studies of Puget Sound.
Current zinc concentrations are similar to levels reported near
ASARCO while the plant was operating.

o In both discharges and receiving waters most metals were present
in the dissolved form.

CONCLUSIONS

Based on the results of this investigation, it appears that ongoing
discharges from the ASARCO facility are having little impact on metals
levels in nearshore receiving waters even though relatively high
concentrations of arsenic, antimony, cadmium, copper, lead, nickel,
and zinc are still present in outfalls from the facility. There are
some indications that mercury concentrations in nearshore receiving
waters during wet weather are violating EPA water quality chronic
criteria for the protection of saltwater aquatic life. However,
additional data are required to confirm this conclusion.

RECOMMENDATIONS

In light of the results of this investigation, the following recommen-
dations are made:

o] Additional nearshore receiving water samples should be collected
during wet weather and analyzed for mercury utilizing detection
1imits in the 1 ng/L range to determine if water quality viola-
tions are occurring.

o] Metals loading from the Edwards Street Storm Drain should be
assessed.,

o Since limited receiving water impacts were noted in this study,
further work at the ASARCO facility should concentrate on defin-
ing the extent and significance of metals contamination of bottom
sediments.
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Appendix T.

and November 19, 1986,

Station descriptions for Ecology surveys at ASARCO, October 21

Station T.P.C.H.D.* Lat./Long.
Number Site Description Prain No. (47/122)
Discharge
2 North Boundary Storm Drain. 2 ——
Parallels chain link fence at north
ASARCO boundary; manhole about 40 feet
landward from shore
3 North ASARCO Outfall. 3 —
NPDES permitted; sampled at mixing box
4 Middle ASARCO Outfall. 4 —
NPDES permitted; sampled at mixing box
5 South ASARCO Outfall. 5 ————
NPDES permitted; sampled at mixing box
6 Edwards Street Storm Drain. 8 -
Sample collected from manhole in south-
bound lane of Ruston Way near concrete
manhole structure
Receiving Water
1A Adjacent to slag pile ——— 18'22"/30'23"
100 feet from north dolphin;
60 feet off shore
2A North Boundary Storm Drain e 18'11"/30'17"
50 feet off shore from outfall
3A North ASARCO Outfall — 18'07"/30'15"
60 feetr from ocutfall mixing box;
between piers
4A Middle ASARCO Outfall ——— 18'03"/30'11"
40 feet off shore from mixing box,
south side of barge Inside piler
54 South ASARCO Cutfall — 17'53"/29'57"
50 feet off shore from outfall
6A Edwards Street Storm Drain — 17'48"/29'50"
600 feet off shore from concrete
manhole structure on Ruston Way
7A Off Shore about 1200 feet from — 18'05"/29'54"

central pier

*Tacoma Pierce County Health Department



UnOqe JINE] WOFINIP 38 POINISP Jon

SUOTIRINEONND STV PRATOBS T(m(
SUCTIRIIVBOUOO FTRIM [BIA[A]

ordums aworTdngedng

PORATUON JONw—
9861 (2 3900 =y

S5l 10°0 - 10°0 %o £00°0 1%60"0 %0°0 - - - - a woeTy WITH LE29EY
nGy'Q o0 ™00 100 €10 P100°0 01'0 ®0°0 - - - - 1 Xoery Jodemi]  9EZg-EY
vl 15°0 600 w0 67°0  0E1°0 90°1 AR ;4 o3 - 6L 1 w0y - WASIP  SEIEY
56°9 09°0 - €070 S5°0 86070 LI 1 - - - - a " w ow  BCTREY
e 9%°0 n60°0 2070 05°0 w10 9981 98°0 62 » - 6L 1 oeLIG - WOEIN  EHEY
80°S %0 160°0 £0°0 ™o 601°0 €0°1 €51 8z » - 8L 1 wWN3jog - UFESE MPEL WPRI0  CEZe€Y
%01 9.0 - 0°0 $9°0 oo 01t AN - - - - a " " o “ jaXs:m i
69°8 £5°0 n60°0 10°0 95°0 %2170 ¥8° 1 921 8z D - 8L 1 I00ULING - UFERY WPWX W0 [€28-€Y
111 %o "0%0 90 (870 €61°0 'z w1 62 » - 8L 1 woll0g - g5 ATeponog N GEZB-EY
£5°0 1570 - (0°0 $9°0 Lo 88°0 6¢°1 - - - - a u W ow u  628EY
7'z 26°0 %600 10'0 [£°0 9o 81°1 oLt 62 o3 - 8L b sompIg -~ (5 AWponog N 8I78-€Y
96'8 150 n60°0 01'0 18°0 S01°0 or't £9°1 62 » - 6L 1 wo3log - TTEIN0 QRIVSY N SZZ8€Y
0z°1 95°0 - 10°0 SL°0 901°0 %6"0 L4381 - - - - a “ u " w  on TRy
7°8! 05°0 n60°0 20°0 65°0 €170 €l 19°1 (34 D - 8L 1 (7 dnq) soepang - [TPRAN0 QOWVSY "N TZZ8-€Y
€81 750 - 20'0 nL0 101°0 011 €9'1 - - - - a u n “ «  u OZ0BEY
0zl 1I$°0 1600 £0°0 65°0 1210 Tl 65°1 62 o3 - 8L 1 (1 drq) sowgIng ~ TIFRIN0 QOWVSY N 6128-€Y
vl $9°0 n60°0 €10 16'0 9£0°0 96°0 19°1 67 D - 8L 1 wo3j0g ~ TIOIIN0 QAVSY ZIPPIR YIZB-EY
Se°S 7570 - 80°0 66°0 SI1°0 80°1 81°z - - - - a u “ " u £128-CY
o€l §5°0 7%60'0 £0°0 £9°1 911°0 Se° 1 Lo (4 © - 8L b sowpIng - [IPIIN0 QOMVSY TPPTH  CITBEY
0621 JASe - 19°0 61 8ge 8L% 319 - - - - a “ “ " 11Z8-€Y
08°1 a3 600 9wy OvIL 9°5¢ 2765 (89 - 15 SOt §L 1 TIU3I0 QMVSY JTPPTH  OIZ8-EY
v5'z ¥S'0 ™00 §9°0 (YA o11°0 %07 82°¢ 62 » - -4 hA wo330g - TIBRIN0 (OWVSY °S  6078-€%
8Ty %°0 - 00 #9°0 o110 81 9571 - - - - a u “ w o u  SOTBEY
L0z 5570 %60°0 g0'0 65°0 01°0 981 £5°1 62 » - 9L L 30UPITG ~ TIEPN0 (OHSY °S  LOT8-EY
#6"0 £9°0 n60°0 £0°0 62°0 os1°0 e or'1 67 © - 2 h WN30g - @S IS SPTeMDT  WZB-EY
g1l 98°0 - £0°0 95'0  Ov1°0 06°0 671 - - - - a " Wowom 0TeCY
19°¢ %o 60’0 90°0 19°0 971°0 061 SUt [:14 » - 8L 1 20U3DG ~ (5 IS PPTEMPR  ZZR-EY
¥ WUITIN L1

Wz PR Aouw pua] wddoy  wmpR);  Auowpwy STuIBIY (3dd) (1/8) (/o) (‘n8) WTIe00] ITdaSs IeGEy

fareres SPITOS  S0OUEIEREY wd o

(1/23n) ereasy

pepusdsng  OTJTIedg
Tea0L

‘GRS 61 IBQUAN PUF [ TQOIX0 JO SARAINS (XRVSY WALy wIsp ABoToog 11 xppasddy



URE U] UOTIONSD 19 PRIEINP IONeN
SOIRIFCIOUOD STFIM PRATOSE (=
FUOTIRITUBNOD FTEIT TOILML

sdes eqwoTdExIdTYy

erdens sawdypdngmdng
pozAOUR J0pm-
9861 ‘61 IIPEATNgy

v'eL g0 - £0°0 €10 £00°0 n60°0 200 - - - - d BT T 96L8-LY
672 70 ™00 €0°0 S0°0 €00°0 "60°0 70°0 - - - - 1 LY IodemRI],  CA2E-/Y
68°L 65°0 50°0 £0°0 0 9110 w1 6°1 0f ot - 8L 1 WYY - W0 WLy
991 7970 - £0'0 wo k10 71 87°1 - - - - a “ w w68y
6971 L] 500 $0°0 150 Lsiah] $9°0 95°1 o > - gL L IWIING - AN 26ZG-LY
¥6"0 (50 90°0 $0°0 Ly'0 LA AR 951 0f o - ;4 1 w330 - UTBSY WPUL SPTRIN0  1628-LY
0°€2 850 - %00 150 00 1 Le1 - - - - a “ " “ u 0628-LY
501 Sv0 000 10°0 92'0 160°0 69°0 £t 3 €1 - 8L 1 30UING - UTEBY WPEL WTSIND  6GTR-LY
68°6 %90 ng0'0 #0°0 €70 780°0 190 82°1 67 € - 8¢ 1 w30y ~ (5 Ampumog N [0£8-LY
071 50 - 70°0 90 80°0 Lzt 70°1 - - - - a " " w o QOEB-LY
701 10 ™o 51°0 (5°0 911°0 $9°0 o'l [4 > - 8L 1 0ULING - 05 ATHpRNO] N 6629~LY
#9'C ‘0 ™0 oo 99°0 D0 §9°1 99°1 0f 34 - 8L L w330 ~ TTEAN0 COUVSY *N 88Te-LY
74 €9°0 - o o'l 811°0 69°1 €LY - - - - a " " “ w  LBTBLY
€z 190 90°0 2o 8c° 1 w10 62°1 §9°1 67 » - 8L 1 @G ~ [[U330 QRIVSY N CB-(Y
6751 55°0 900 #1°0 #6°0 $60°0 78°0 10°z o€ z - gL 1 WY - TIRIITO CONVSY TPPTH 6L28~LY
gy'e 8570 - 20'0 S1°1 §60°0 71 07 - - - a “ “ " M “ SOES-LY
0°0% 190 z1'0 v1'0 DA $60°0 €61 5671 ot ot - 6L L (¢ dyap) 3081ag ~ TIBFIN0 QRIVSY FTPPRA  90CR-LY
75t £9°0 - 80°0 6°1 $60°0 90°1 66°1 - - - - a “ " u “ “ S0E9-LY
0°09 09'0 900 €0 991 9110 1 9%z o€ z - 6°L 1 (7 474) 90WIING - [[RJIND CDMVSY STPPTH  Z0ER-LY
007 6L°0 - %00 121 ¥80°0 %0°1 281 - - - - a " “ u “ “ 8L28-LY
0y 19°0 090°0 61°0 $9°1 01°0 91 Wz Z €1 - 8L I (1 dua) soepms ~ TIBIIN0 (OSVSY PIPPIH LL29~LY
058 §1Z - (94 (99 9°6E 19 8.z - - - - a " " " " SHB-LY
098 7TE %0°0 9z 293 UvE €°€9 beld - Y T 9L i (z dng) TTSIN0 COUVSY FTPPIH 2928~LY
098 0z - L0 s LAt 6Ly o3 - - - - a " “ u “ UTE-LY
098 $Tie 90°0 08T % Q"% faf43 <8y - oS 152 §°L L (1 &) TTBFIN0 CONVSV JTPPIH GLZ8-(%
8°1 09°0 90°0 o1°g £0°1 ¥80°0 93°0 1671 62 z - 8°¢ 1 w330Y -~ TIBFIN0 QOMVSY 'S 9/Z8~LY
0oy 120 - %00 80'1 80°0 91°1 6571 - - - - a u n “ N Y o: A
0°91 85°0 ™00 ¥i°0 8671 $60°0 €1 Lz 0t €1 - 04 1 IeIIG ~ TIOPN0 QOWVSY 'S 2/Z8-LY
oz 9176 - [ 7481 [Ax4 08 syl 194 - - - - a “ " S 790
(V24 6" L 90°0 0 09¢ 0979 807 €1 - [ 9 I L TIeRMN ORVSY S OL28-LY
L 8570 90°0 £0°0 6%°0 901°0 10°1 Lol i3 z - 8L X WOII0G ~ (5 IS SRIWPT  6G7Y-LY
062 £9°0 - 80°0 08°0 9010 se'1 9¢°1 - - - - a u W ow o 8978~LY
L €9°0 500 SE'0 00°1 801°0 w1 007 [34 €€ - Ll 1 SoRpING ~ (IS IS SPIEPT  (97BLY
6L i - 9°¢L bk 812 69°6 93¢ - - - - a " " u " 9928-LY
oot 91’6 "00°0 £9¢ 162 16°2 0L 98 1 1§ I3 L9 1 UTRR] WOIS ISONS SRIEDT  GTR-LY
¥y IAEAM 334
Y4 TP Amuasy por] Taddoy  wqmpe)  Awapuy Fpusery (3dd) (1/8m) (a2 /s0umn) (*n°8) GOPIE00] STdEEg  rBQuEN
Lapuyres SPTLOS FINPLD) nd apdms
(1/8n) stmzl” pIpuRdsng  d7yFoedg

gL ‘perurIneg (11 xppaeddy

A-



1%°0¢ 0s-0¢ 1701 0" 11 0L 0L
1€70¢ Zy-o0¢ 1°01 1°11 8dejins adwjins
02°0¢€ 0%°0¢ z°0 o' 11 ot 0¢
SIT0¢ 00" 0¢ 66 01l adezins advjans
07°0¢ 0% 0¢ 101 6°01 8¢ o€
$Z°0¢ $8°62 1°01 0° 11 #o®jIng B8Oo®JINS
SY 0L 01°8¢ 1701 6°01 Z¢ 92

e o¢ 57 0¢ 1°01 011 @yejins  3d®jing
76 0¢ §2°0¢ 1°01 0711 A A
on.Om NN.Om 1°01 O.._ﬂ 3oBjaAns 80®BJINS
S1le 91°0¢ 1°01 011 82 8z
$0°'0¢ 0s°0¢ 0'0T 0'11 2583In6 9d€jJins
75°0¢ v$ ot 2701 0" 11 0% z§

Zv oc £0°0¢€ 1°01 0°11 9083INns yed®IINS
61/11 12/01 61/11 12/01 61/11 te/ot
(3dd) (o) (33)
Ajjugies sinjyrradwaj I33IBH yideg spdues

oy

89

%

Y

61/

yidap wmoaiog

184

oY

9¢€

Y

11 1z/o1

(33

§v01
SY01

ovel

FREtR
0zZ01

pa2i1daf(oo sijdmes ou

o111
SItl

x1338M Butrareoey
21048330

133eM Bujayaovsy
UyRiQ WMIOo1§ 199135 SPIBADPH

ufeIg WI03§ 393135 SPIBAPY

193eM Bujpayeoay
1183300 ODYVSY Yy3inog

TI®JF3INno QD¥VSY yinog

133eM 8uyrarevsy
1123300 0J¥YVSY 2IPPIK

TI®3I3IN0 02JYVSY 3IPPIN

233wy Sujala08y
T1e33INng QO¥VSY UIION

xajeM Buyajysoay
ulsa(Q wI03g Kappunog YIIoN

193ewM Bujajpevey
ujseqg 3IYowX 8pIsINg

votidyaosag 937§

"9861 ‘61 IIQUWIAON pu®

‘3ujuuni J0U UTRIe®

13 §°0=%

V9

¥s

vy

13quny
uoyTIv¥IS

¢ 21940320 £807023 4£q paidonpucd s842A1Ins I93IVA $uTAI@391 QOYVSV 103 S3USWIINSPIW pPI2FJ4 °‘ITI xjpusddy

A-4



